Nowadays, endocrine disruptor compounds in the water system have become a concern due to the risk of contamination to wild life and humans even at the nanogram level. Excess estrogens and androgens are a major contributor group of endocrine compounds. Statistical surveys have shown that dairy farms contribute to over 90% of the total estrogens in the UK and US.
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An analytical system is being developed to assess the efficiency of reactive materials to remove target hormonal contaminants from dairy farm effluent. This can be achieved using reporter gene assays (RGAs) to detect low level steroid hormones.
A preliminary study comparing the efficiency of granular activated carbon, zero-valent iron, and organoclay was carried out using bench-scale evaluations in negative control HPLC water. Their potential ability to remove testosterone and 17-β-estradiol spiked at reported environmental levels was measured by androgenic and estrogenic luminescent reporter assay respectively.
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I. HORMONE CONTAMINATION FROM DAIRY FARM AND THEIR FATE IN WASTE WATER
Over the past twenty years, considerable scientific concerns and public debate have been expressed over the potential health risk posed by endocrine disrupting compounds (EDs) which can alter the normal function of the endocrine system in wildlife and humans. Potential adverse effects of EDs have concentrated mainly on reproductive and sexual development, immune function, the nervous system, thyroid function and hormone-related cancers. In addition, the concern of EDs has been heightened by a number of human and experimental animal studies [5] .
Drinking water is a potential source for human exposure to EDs and is also a target for external measurements [3, 5, 15] . Surface waters destined for drinking water can be contaminated by a variety of natural steroid hormones (e.g. estrogens, androgens) as shown by surveys carried out on water samples taken near dairy farms [1, 10] . Furthermore, similar concentrations of these hormones were found in fish within the same water system, providing further evidence of the potential for dairy farm waster effluent in contaminating water systems [10] .
In 2004, researchers began to study whether steroid hormones excreted by livestock in the UK are reaching streams and rivers where they could be feminising male fish.
Related research in the US shows that intensive agriculture and aquaculture are sources of steroids capable of causing endocrine disruption in the aquatic environment [3] .
A survey of dairy farm waste water samples have demonstrated very high levels of estrogenic compounds compared to piggery or goat farm wastewater [13] . According to a Department for Environment, Food and Rural Affairs (DEFRA) survey of agricultural statistics on predicted estrogenic discharge from both the human and farm animal population in the UK, nearly half of the total UK estrogen discharges were attributed to dairy cattle, even though the population of cattle were only 1% of the total collective population of humans and farm animals [6] .
The literature reports that 17α-estradiol, 17β-estradiol, estrone, testosterone and androstenedione are the potential contaminants detected in dairy farm waste water [1, 10, 13] . A summary of the levels and locations of these hormones detected in previous studies is presented in Table 1 . These hormones have been selected as target compounds for the study of their efficient removal by reactive materials. A suitable analytical method is essential to study these target compounds in water samples. During our study, reporter gene assays (RGAs) are utilized to probe for estrogenic and androgenic activity in water samples. RGAs are a detection system based on the ability of steroid hormone to bind to their specific receptor and to induce a bioluminescent cellular signal [17] . The general principle is that ligand-bound nuclear hormone receptors alter their conformation, dimerize, and bind to a hormone response element on DNA, initiating the transcription of a downstream gene, a signalling system such as luciferase [2] . To compare the hormonal activities of the samples tested, the equivalent standard concentration of each sample was calculated using the light response of samples and EC 50 of the calibration curve. Each point was plotted in the standard curve and the level of hormonal activity was determined.
RGAs have been successfully established with the ability to detect androgens and estrogens. An androgen standard curve with an EC 50 of 0.21 ng mL -1 is shown in Figure 1 .
Similarly an estrogen standard curve with an EC 50 of 0.0012 ng mL -1 is shown in Figure 2 . The sensitivity of these assays is suitable for the measurement of the target hormones at the reported contamination levels and thus will be able to assess the removal efficiency of the reactive materials. 
III. BENCH SCALE TEST OF REACTIVE MATERIALS FOR THE REMOVAL OF ANDROGENS AND ESTROGENS
The best performers from selected reactive materials, which included granular activated carbon (GAC), zero-valent iron (ZVI) and organoclay, were determined using batch tests.
ZVI has previously been used for groundwater remediation in permeable reactive barriers [11] . Granular activated carbon has been shown to have absorption capability for the removal of EDs [15, 16] . Previous studies have demonstrated that the removal efficiencies of GAC were greater than 90% for many EDs [9] . Three types of ZVI (Connelly Iron, Gotthart Maier Iron, and Tubingen Iron) were used in the batch test. A preliminary batch test to establish the potential of GAC, ZVI and organoclay to remove reported representative concentrations (as outlined in Table 1 ) of testosterone and 17β-estradiol was performed. Testosterone and 17β-estradiol were spiked at a concentration of 900ng/L and 340 ng/L in negative HPLC water respectively. A negative and spiked positive control which was not treated by the reactive materials was included. 20mls of spiked water was added to 2g of each reactive material in separate universal vials and shaken overnight at room temperature. The 20 ml water sample was collected and extracted using a solid-phase extraction (SPE) procedure. Glass cartridges were conditioned with 3 ml Tert-butylmethyl ether, 3 ml methanol and 3 ml water. 5 ml of sample was loaded onto each cartridge, glass cartridges followed by a wash with 5% methanol. Then, the elute samples were collected using 6 ml of 10% methanol in 
